ABSTRACT.-An audiospectrographic study of some 12,500 songs of Redeyed Vireos (Vireo olivuceus), from over 46 birds from nine states, provided data on song structure, vocal repertoires, and the birds' use of their repertoires.
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THE NATURE OF RED-EYED VIREO SONGS
The songs of a Red-eyed Vireo (Figs. 1 and 3-71) consist of one or more short syllables (termed "elements" by Lemon 1971), each syllable containing one or more slurs. The slurs in a syllable are usually connected; slurs separated by more than 0.01 s were considered to be in separate syllables. The syllables of a song are usually only a few hundredths of a second apart; syllables more than 0.3 s apart were considered separate songs.
Most slurs are relatively abrupt; rarely a portion of a syllable (up to about 0.03 s in length) may be steady in pitch. Rarely also a short portion of a syllable may show frequency modulation, but never enough to give the syllable a burry quality; the songs have a musical quality.
Each bird has a sizeable repertoire of syllables, which are used alone and/or in combination with one or more other syllables to form a number of different song types; a song type is thus a particular syllable, or combination of syllables. Some syllables are used in only one song type, while others are used in two or more. A syllable used in two or more song types is not always in the same part of the song: it may be the first syllable in one song type, and the second syllable in another. In songs with two or more syllables the syllables are usually different; occasion- ally one or two of the syllables may be repeated in a given song type.
Some characters of the songs studied are summarized in Table 2 Figure 2C ; I believe that these birds were uttering subsong.
Data on the number of song and syllable types found in each bird are given in Table  1 Table 2) , make up over 100,000 different song types. Since these birds average only about 31 song types, it is obvious that only a very small percentage of the possible song types are actually sung.
Most of a bird' s syllable types were used in only one song type; the rest were used in from 1 to 15 song types (Table 2) . Syllable use varied somewhat among individuals but primary song and subsong differed significantly in this respect. The numbers of song and syllable types were significantly correlated in primary song (r = .9292, n = 38, t = 15.0910, P < .OOl) but not in subsong (r = .3448, n = 7, t = .8215, P = .5 -.4), and the syllables of birds in subsong were used in significantly more song types than those of birds in primary song (Table 2) . In primary song, new song types were more likely to be made of new syllable types, while in subsong new song types were more likely to be types with different syllable combinations.
The different song types in a vireo' s repertoire were not sung with equal frequency, some being sung very often, and others only rarely. In the largest sample studied (bird 148, with 25 song types in 1,897 songs) the incidence of the different types ranged from 2 to 200; five of the song types were sung only 24 times, two others were sung 13 and 14 times, and the rest were sung 23 or more times. In the second largest sample of primary song (bird 129, with 857 songs), 10 of the 33 song types were sung only once or twice, and the rest from 19 to 56 times. In the birds from which the largest samples were studied, and probably in most birds, 95% of the songs represented about twothirds of the song types, with a third of the song types making up only 5% of the songs.
The incidence of the different syllables of a bird' s repertoire was much like that of its song types; some were used in many songs, and others were used in only a few. In bird 148, for example, the least common syllable occurred in only 13 songs; in bird 128 (433 songs, of 35 types, with 40 syllable types) the least common syllable occurred in only one song.
The "rare" song types in a bird' s repertoire were sometimes those consisting of a single syllable that was usually found in a song type with one or more other syllables, and hence might be considered incomplete songs (the five rarest song types of bird 148 were such one-syllable songs); other "rare" song types contained syllables not found in other song types. It is possible that these "rare" song types may be sung more often under certain circumstances, or at other times in the life of the vireo. The repertoires of many birds contained one or a few song types that might be considered somewhat atypical of the species (e.g. , Fig. 29) ; such songs were not necessarily the most or the least common used by the bird.
The graphs (e.g., Fig. 2B ) indicate that under certain circumstances (such as the presence of another bird), or for no apparent reason, a bird may suddenly introduce a number of song types it had not used previously, and sing rarely or not at all some types previously sung. On the other hand, some birds do not introduce new song types in the presence of another bird; playbacks were used in obtaining the recording of bird 148, but this bird did not introduce new song types after the playbacks.
Samples of a few hundred, or even thousand, songs may not yield a Red-eyed Vireo' s complete repertoire, or tell fully how that repertoire is used. It would be instructive to have many thousands of songs from an individual, sung under different circumstances and throughout the bird' s life.
SHARING OF SONG AND SYLLABLETYPES
The determination of vocal pattern sharing is complicated by the large number of vocalizations to compare; excluding sharing, I found 1,965 song types and 2,292 syllable types in the recordings studied (Table 1) . Comparing all of these would require nearly 4 million comparisons of song types and Table 3 . Ten song types were shared by two or more of these birds: eight by two birds, and two by three birds; the number of song types shared and the distance between the birds were not strongly related. Forty-three syllable types were shared by these birds: 31 by two birds, 10 by three birds, and 2 by four birds; birds farther apart shared more than those close together. Table 1 , and data on song and syllable type sharing are given in Table 4 .
The Medora birds shared more than the Kenmare birds, possibly owing to their greater proximity in time and space. These vireos shared more syllable types than song types. In Medora there was as much (bird 127) or more (bird 128) sharing with a local bird than with a bird 150 miles away, but in Kenmare the situation was reversed; there was more syllable sharing with a bird 150 miles away than with the other bird in that area.
OHIO BIRDS
Two Ohio birds (123 and 136), recorded about one-fourth mile (and one year) apart and with similar-sized vocal repertoires (see Table 1 and Figs. 347), shared only three syllable types, one of which was used alone as a song by each bird (Figs. 10 and 30) . The other two shared syllables were used in two-syllable songs: the second syllable in Figure 11 and the second one in Figure 37 , and the second syllable in Figure 17 and the second one in Figure 34 . Three of the Ohio birds (148, 149, and 150) were recorded in a period of three weeks in the same woods, with the most widely separated birds being about 150 yards apart (Table 5) .
The vocal pattern sharing in these Ohio birds involved more syllable types than song types; at most only three song types, and IO-37% of their syllable types, were shared with nearby birds. (Figs. 70-71) .
Eighty syllable types (involving 37.9% of the types in these birds) were shared by two or more birds: 34 by two birds, 23 by three birds, 10 by four birds, 7 by five birds, 3 by six birds, and 3 by seven birds. The instances of syllable sharing by birds different distances apart are summarized in Table 6 .
The songs of the foregoing birds represent only a very small sample of the songs of the Red-eyed Vireo, but the conclusions regarding vocal pattern sharing in these birds may be valid for the species. There is more sharing of syllable type than song type and the amount of sharing is not proportional to the distance between the birds. Vireos some distance apart may share more than those closer together. There is very little sharing of song type, even by birds in the same area, and most of the song types shared are either one-syllable songs or twosyllable songs with the syllables alike.
THE USE OF THE VOCAL REPERTOIRE
In a species capable of singing songs of more than one type, it is conceivable that the different types may be used in different circumstances. In a species such as the Redeyed Vireo, where each individual has a fair-sized repertoire of song types that are sung in a varied sequence, it may be that the sequence as well as the song types involved reflect the circumstances.
Many species of passerines, in several families, have more than one song type, but in most cases the significance of the different types is not well understood. Some wood warblers have two different song types, one of which is used primarily in sexual situations and the other in aggressive situations (Morse 1966 (Morse , 1967 . Verner (1975), working with the Long-billed Marsh Wren, did not associate song types with circumstances, but suggested that even one song in a sequence might indicate particular circumstances.
The songs of a Red-eyed Vireo are sung in a varied sequence. For example, the first 25 songs recorded from bird 148 were as follows:
A-B-C-D-E-F-B-G-H-D-E-I-J-A-D-H-E-K-B-L-M-E-N-A-D;
similar sequences were sung throughout all the recordings. This method of singing appears to be a species-specific feature; a Red-eyed Vireo never sings the same song over and over (as do many other passerines), and only very rarely sings the same song twice in succession. A tape recording that I made of a single song type (considered typical), putting the songs at the rate of 40 per minute, did not sound like a Red-eyed Vireo (to me, or to other people who listened to it); and playbacks of this tape to Red-eyed Vireos in the field elicited no apparent reaction from the birds who heard it.
The numbers of songs between successive utterances of each song type were counted in the recordings studied. The figures obtained were determined only for those song types uttered two or more times in a continuous series of songs, and they may not represent the maximum number by Marsh Wren. These numbers varied considerably in the Red-eyed Vireo, not only for songs of different types but also for songs of a given type. For example, for the six most common song types of bird 148 the ranges of these numbers were l-43,0-27,2-32,2-37,0-60, and 2-38, and for the four least common song types for which at least three numbers were available the ranges were 2-96,4-149, 7-42, and 3-137. The averages were generally lower for the more commonly sung song types, but sometimes common song types were sung far apart and rarer types were sung close together.
I found only 13 instances of a given song type being sung twice in succession, five in primary song and eight in subsong. In some of the cases in primary song the silent interval preceding the second song was longer than usual, and in some of the cases in subsong the two songs were a little different but enough alike to be considered the same type. Successive songs by a Red-eyed Vireo are almost always of different types. The two-song transitions by the six birds in primary song from which the most songs were recorded were tabulated in cluster analysis tables, and some data from these tabulations are summarized in Table 7 . For only one of these birds were there more transitions present than there were possible different ones (three times as many); for the other five birds there were .20 to .78 times as many ( T/n2 in Table 7) . If all the possible transitions in these birds occurred with equal probability we would expect to find about two-thirds of them; actually, I found less than one-fourth.
If the transitions occur at random, the expected number of instances of a given transition, e.g., A to B (eA_J may be calculated by the formula: number of transitions from A x number of transitions to B eAeH = total number of transitions
The numbers of different transitions found in the six birds represented in Table  7 varied from none to considerably more than would be expected if the transitions were random. A sample of these figuresthe expected and observed transitions from one song type of bird 148-is given in Table  8 . The incidence of 7 of the 25 different transitions in Table 8 was significantly different from the expected, higher in two and lower in the other five; the two occurring Singing rates in this study were calculated from average cadences in song series, and found to vary from 27.9 to 71.3 (average, 40.3) songs per minute ( Table 2 ). The highest rate was found in an Oklahoma bird (bird 94), and the lowest in an Ohio bird (bird 150) believed to be in subsong. No significant change in singing rate was noted 
GEOGRAPHIC VARIATION
Some of the differences found in songs from different parts of the United States are given in Table 9 . Red-eyed Vireos in the Northeast (Maine and New Hampshire) and Northwest (North Dakota and Montana) had larger vocal repertoires and more syllables in their songs than those in Ohio. Northwestern birds had longer songs and used their syllables in more song types than birds in Ohio and the Northeast. Singing rates averaged lower in Ohio than in the Northeast or Northwest. The significance of the geographic differences is unclear because of the small numbers of birds involvedwhose songs may or may not be representative of the songs in their areas. I have found no evidence of local dialects.
